In order to efficiently recycle the Fe-Ni waste acid solution resulting from shadow mask processing, a spray pyrolysis process was used to fabricate the nano-sized Ni-ferrite powder with the average particle size below 100 nm. The properties of the nano-powder were investigated as function of reaction temperature, concentration and injection speed of raw material solution.
Introduction
There are generally three basic methods of producing fine metal oxide powder such as solid-state reaction technique, 1) hydrothermal technique 2) and spray pyrolysis process. [1] [2] [3] [4] [5] Solid-state reaction is largely used to fabricate metal oxide powder due to economical manufacturing process. But there is a limit to produce high functional products because it is difficult for controlling precision and high-purity in solidsolid reaction. Hydrothermal technique offers several advantages such as the high purity and uniformly fine particles for powder making. Nevertheless, it's inefficient to control the particle size because most produced hydroxide powders have to be subjected to heat treatment. On the other hand, in case of spray pyrolysis process, it is possible to 1) omit the essential processes such as mixing, calcination of powder and attrition of produced powder, 2) control the particle characteristics 3) prevent the inlet of impure elements. Because the removal of impurity in liquid is easier than that of impurity in solid, spray pyrolysis method is considered as a desirable processing method in fabricating high purity powder. However, this method has widely known as requiring high manufacturing cost compared with other processes. But in case of using wastes solution as raw materials including valuable metals, it's beside the question. On the contrary, very desirable process is estimated. In that process, wastes solution is efficiently recycled and the oxide powder is manufactured with high performance. Recently, waste solution containing valuable metals from steel pickling line, shadow mask processing and a dye works is discharged in quantity. It was partly tried that hydrochloric acid is collected and fine powder is manufactured using waste acid from a pickling line of hot-rolled steel sheet by spray pyrolysis process. The fine CuO powder is also to be fabricated using waste copper solution from PCB manufacturing process by spray pyrolysis process.
6,7) Except this field, it seldom happens that metal oxide powder making is studied using waste solution. Furthermore, complex oxide powder is scarcely manufactured with a high performance using as raw solution by spray pyrolysis process because basic technique of this field is very feeble. In this study, using complex waste solution as raw material, which is dissolving Ni component from Fe-Ni wastes solution produced by shadow mask processing, the ultra fine complex oxide powder of narrow size distribution, uniform composition, globular shape is fabricated. The primary main objectives of this study are to study the effects of reaction temperature, concentration of raw material solution, and air pressure on the properties of produced powder.
Experimental
After the waste solution from shadow mask processing is filtrated twice through filter paper, it is used for spray pyrolysis process in this study. The concentration of Fe and Ni in refined wastes solution is 200 g/L and 11 g/L, respectively. That of SiO 2 , P, Ca, Cr and Cu in this waste solution is below 100 ppm. The specific gravity of this solution is about 1.5. Being added 99 wt%NiCl 2 . 6H 2 O to refined waste solution the complex acid solution is made for the fabrication of NiFe 2 O 4 . This concentration of this solution is almost saturated. The concentration of iron in raw material solution is 200, 100, 70 and 40 g/L from dilution of the saturated solution using distilled water, respectively. In order to fabricate ultra fine powder of particle morphology and of uniform size distribution being made, the spray pyrolysis system which is composed with atomizer, reaction furnace, bag filter and gas-purifying is used. The schematic diagram of this system is shown in Fig. 1 . After raw material solution is atomized and fed into the furnace at 800 to 1100 C, Ni-ferrite and complex oxide are fabricated. Average particle size of produced Ni-ferrite and complex oxide powder is below 100 nm.
As complex acid solution is supplied through a nozzle by pump with 0.1 L/min, and compressed air is supplied through another nozzle with the pressure between 0.1 kg/cm 2 and 3 kg/cm 2 , ultra fine powder is fabricated. Characteristics of produced powder according to reaction temperature, concentration of solution and air pressure are studied. Size distribution, average size and powder morphology are determined by a Hitachi S-4300 scanning electron microscope with energy dispersive spectroscopy attached. Phase and composition of powder are examined by X-ray diffraction of CuK using Scintag diffractometer. Specific surface area is measured by the Brunauer, Emmett, and Teller method using. Figure 2 presents the characteristics of powder with SEM as variation of reaction temperature in the range of 800 to 1100 C using raw material solution which contains 200 g/L Fe and stoichiometrical equivalence of Ni for the purpose of making NiFe 2 O 4 powder. As reaction temperature increases, the average size of powder increases and microstructure of powder becomes much more solid. After liquid droplets are atomized by nozzle and fed into reaction furnace, solvents of them begin to solidify and precipitate at the outside of droplets. Because the inside solvents of droplets then don't smoothly pass through a solid layer, the inside pressure of droplets increases and droplets finally split. Especially in case of high concentration solution at 800 C, it is significantly appeared that droplets split. On the other hand, soon after the atomized droplets are fed into the reaction area by rapid solvent evaporation at the surface of droplet at 800 C, they considerably split. Because the reaction temperature of 
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C is not high enough to sinter the fine powder and the pyrolysis reaction area is so short, the average size of powder produced by the pyrolysis reaction is as small as 30-40 nm in diameter. This ultra fine powder has a strong tendency to agglomerate. Droplets split phenomenon in initial stage appears severely by faster evaporating of the solvent at 900 C. Size distribution of produced powder is more irregular, particle size is slightly larger and microstructure is more solid at 900 C than at 800 C. Size distribution of powder is to be much more irregular and average particle size is to decrease but it actually increases up to 50 nm and microstructure becomes solid because of sintering at high temperature. As the particle size of powder increases, agglomeration conspicuously reduces. Meanwhile, in case of 1100 C, as the solidification reaction happens instantly outside droplet by high temperature, severe droplet split happens by the increased pressure of inner droplets. Therefore, the particle size of powder produced at the initial stage is small. But the size of powder finally increases up to 70 nm due to sintering caused by very high temperature. In this case, microstrocture of powder becomes apparently solid and particles agglomerate. Figure 3 C, which means that it is sufficient for the pyrolysis reaction to complete even for a moment. Meanwhile, the specific surface area of powder appears according to variation of the reaction temperature in Fig. 4 . As the reaction temperature increases, the specific area decreases and reduces apparently at 1100 C, which results from increasement of particle size and solidness (see Fig. 2 ). Figure 5 shows characteristics of produced powder according to the concentrations of iron and nickel in solution at reaction temperature of 1000 C with air pressure of 3 kg/cm 2 by SEM. As the iron concentration increases from 40 g/L to 200 g/L in solution, average particle size increases gradually but, particle size distribution becomes more irregular. In case of 40 g/L, average particle size of produced powder is very small, that is, about 30 nm and size distribution of powder is very uniform due to considerable decrease of droplet split with frequency in the pyrolysis reaction as well as very small droplet size after solvent evaporation. The droplet size doesn't decrease markedly after solvent evaporation. Meanwhile, severe droplet split occurs during pyrolysis reaction, so particle size of produced powder is increased but size distribution is more irregular than that in case of 40 g/L. In case of a nearly saturated solution of 200 g/L, droplet size doesn't decrease according to solvent evaporation due to the solute supersaturation at droplet surface even at the initial stage of pyrolysis reaction but, severe droplet split occurs during pyrolysis reaction so, the particle size of produced powder increases up to 50 nm and size distribution is very irregular. Figure 6 es, and that of NiFe 2 O 4 phase significantly increase by increase of reaction rate of Ni-ferrite formation after formation of Fe 2 O 3 and NiO phase. Figure 7 shows variation in specific surface area according to variation of solution concentration. The specific area decreases gradually according to increase of the solution concentration (see Fig. 5 ). The reason of no remarkable variation of specific area compared with increase of the solution concentration is that severe droplet split happens during pyrolysis reaction with increase of concentration. Figure 8 , the result of SEM analysis, shows the properties of the fabricated powder depending on the injection air pressure upon the reaction furnace on condition that the concentration of Fe element is at 200 g/L, reaction temperature is at 1000 C, and nozzle tip size is 2 mm in diameter. As the injection air pressure increases up to 1 kg/cm 2 , the particle size of the generated powder shows a slight fall, while the particle size distribution gradually becomes uniform, and microstructure of powder becomes more solid. When the injection air pressure reaches 3 kg/cm 2 , the particle size of the fabricated powder decreases significantly, the particle size distribution becomes much more uniform, and microstructure of powder appears extremely solid. Apparently, the lower the injection air pressure, the larger the droplets atomized by the nozzle. Given the extremely high concentration of the raw material solution, intensive burst of droplets occurs because of the pressure rise inside the droplets. When the injection air pressure is at a low level of 0.5 kg/cm 2 , the particle size distribution appears extremely irregular, and the powder structure does not appear solid. But because of the extremely large droplet size, the average particle size of the fabricated powder slightly increases. As the air pressure increases from 0.5 to 1 kg/cm 2 , the burst of droplets is lessened, the powder structure gradually becomes solid, and the particle size distribution becomes more uniform. But because of the decrease of the droplet size, the average particle size shows a slightly decreasing tendency. When the injection air pressure increases up to 3 kg/cm 2 , the droplet size decreases, and the burst of droplets is lessened, both significantly. As a result, the particle size distribution is perfectly uniform, and the fabricated powder appears in a super fine shape with solid microstructure. Figure 9 , the result of XRD analysis, shows the phases of the fabricated powder influenced by the air injection into the reaction furnace. Under the aforementioned reaction conditions, regardless of the injection air speed, the fabricated powder always appears in such a fashion that the phases of NiFe 2 O 4 , Fe 2 O 3 and NiO coexist. When the air pressure increases up to 1 kg/cm 2 , there is no significant change of the ratios of the chemical phases that the fabricated powder appears. When the air pressure increases up to 3 kg/cm 2 , the ratio of NiFe 2 O 4 phase decreases significantly. This phenomenon can be reasoned as follows. Along with the air pressure rise, droplet size decreases, the burst of droplets is lessened, the pyrolysis reaction can easily proceeds into the inside of droplets, and it is anticipated that the ferrite-oriented reaction would be intensified. Nevertheless, the temperaturereduction effect becomes more evident along with the air pressure rise, thus the ratio of NiFe 2 O 4 phase accordingly decreases. Figure 10 shows the surface area of the fabricated powder depending on the injection air speed. When the air pressure increases up to 1 kg/cm 2 , although the average particle size tends to decrease, there is practically no significant change with the surface area of the fabricated powder because the powder structure becomes more solid. When the air pressure increases up to 3 kg/cm 2 , although microstructure of the powder becomes much more solid, the surface area remarkably increases because the average particle size decreases significantly.
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Conclusions
Fine Ni-ferrite and complex oxide powder is fabricated from the Fe-Ni complex acid solution by the spray pyrolysis process. The effects of the reaction temperature, the solution concentration, and the air pressure on the properties of powder are studied.
(1) As reaction temperature increases from 800 to 1100 C, the average particle size of the powder significantly increases and microstructure becomes more solid, but specific surface area greatly decreases. Average particle size is below 50 nm at 800 C, and greatly increases up to 70 nm at 1100 C. The fraction of the NiFe 2 O 4 phase increase as the temperature increases. (2) As the concentration of iron and nickel in raw material solution increases, average particle size of produced powder increases and specific surface area decreases, but particle size distribution becomes more irregular. When the concentration of iron in solution is 40 g/L, average particle size is small, that is, about 30 nm and particle size distribution is very homogeneous. As the concentration of iron is increased up to 70, 100 and 200 g/L, average particle size increases up to 50 nm. (3) When the air pressure increases up to 1 kg/cm 2 , the average particle size shows a minor fall, yet the surface area of it keeps stable, and microstructure appears more solid. Also, the formation rates of the different phases show no significant change along with the pressure rise. When the air pressure increases up to 3 kg/cm 2 , the average particle size, the formation rate of Ni-ferrite phase decreases significantly, yet the surface area increases, and the particle size distribution appears much more uniform. 
